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A B S T R A C T
In the present work, antioxidant compounds from Teucrium montanum were extracted by subcritical water. The
influence of extraction temperature and pressure on antioxidant activity of extracts has been investigated in
terms of extraction yield (EY), total phenolic content (TPC), and DPPH-radical scavenging activity (DPPH-RSA)
and ferric reducing antioxidant power (FRAP). Additionally, the compounds responsible for the antioxidant
activity were identified and quantified by high performance liquid chromatography (HPLC). The highest EY
(42.63%), TPC (174.61 ± 4.09mg GAE/g DE) and antioxidant activity by DPPH-RSA (176.23 ± 8.76mg TE/g
DE) and FRAP (141.71 ± 5.21mg AAE/g DE) were seen in extracts obtained at temperature of 160 °C and
pressure of 10 bar. HPLC analysis revealed that naringin and gallic acid were the principle antioxidant com-
pounds in subcritical extracts. According to the results, SWE has a great potential in exploitation of natural
sources of bioactive compounds and production of pharmacologically-active fractions.
1. Introduction
Naturally occurring phenolic compounds have been associated with
numerous health-promoting effects such as antioxidant [1], antic-
arcinogenic [2], antimicrobial [3] and antiviral activity [4]. Other
bioactivities which include antimutagenic [5], anti-inflammatory [6]
and anti-allergic [7] have been also reported. The antioxidant activity
of phenolic compounds is mainly due to their redox properties which
allow them to act as reducing agents, hydrogen donors and singlet and
triplet oxygen quenchers [8,9]. Phenolic compounds from natural
sources are used in food industry for the prevention of lipid peroxida-
tion which is associated with development of off-flavours and other
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undesirable compounds [10].
Phenolic compounds from plants are isolated by different extraction
techniques such as conventional ones, but more recently also by ul-
trasound extraction [11], microwave-assisted extraction [12] and
pressurised liquid extraction [13]. Recently, there has been an in-
creased interest in the use of environmentally clean and safe technol-
ogies such as supercritical fluid extraction (SFE) and subcritical water
extraction (SWE) [11,14–16]. In addition to the previously mentioned
advantages, extracts obtained by SWE usually show higher antioxidant
activities in comparison to the ones obtained by conventional solvent
[11,14,16] and SFE extraction [17,18].
In the last few decades, SWE has gained much popularity due to the
replacement of toxic organic solvents with a safe and low-price solvent.
This technique relying on heated and pressurized water improve ex-
traction efficiency, among others, due to lower viscosity of the solvent
and consequently better penetration into the pores of solid particles.
Subcritical water enhances also mass transfer and desorption kinetics,
potentiating the dissociation of the compounds from their complexes
with matrix constituents [19]. Recently, a number of papers describing
SWE of bioactive compounds from plants have been published
[11,20–22].
Chemical profiles of SWE extracts depend on numerous factors such
as sample itself, extraction mode and operational parameters. Two
major operational parameters governing SWE are temperature and
pressure of the extraction. In SWE, temperature has the major influence
on the process because slight changes in operational temperature re-
sults in water polarity variations. In addition, temperature affects water
viscosity and surface tension, as well as the interaction with the matrix
[19]. The influence of temperature on bioactivity and composition of
subcritical water plant extracts and extraction yields has been studied
previously [21,23,24]. Number of scientific evidence evaluated the
influence of pressure in SWE, as well [11,16,25]. In this work, the in-
fluence of both temperature and pressure was investigated and opti-
mised in subcritical water extraction of phenolic compounds from
Teucrium montanum.
Many species of Teucrium genus are used in ethnobotany, medicine
and pharmacy due to their medicinal properties. T. montanum is used as
a diuretic, analgesic and antispasmodic agent, as well as in the treat-
ment of digestive disorders and pulmonary diseases. Some of the
bioactive compounds previously identified in T. montanum include
phenolic acids, mainly gentisic, chlorogenic and siringic, flavonoids,
sesquiterpenes, potassium, magnesium and sodium [10,26–28]. Ac-
cording to Vukovic et al. [28], high antimicrobial activity of T. mon-
tanum could be associated with sesquiterpenes, such as δ-cadinene and
α-selinene. Other authors reported that phenolic acids and flavonoids
were the principal constituents of T. montanum extracts with anti-
microbial and antioxidant activities [29]. Stanković et al. [9] indicated
that phenols directly contribute to high antiproliferative and proa-
poptotic activities of T. montanum methanol extracts.
According to available literature, there are no reports on the use of
subcritical water for the recovery of bioactive compounds from T.
montanum. Thus, the aim of this study was to evaluate the efficiency of
SWE for obtaining T. montanum extracts with high content of bioactive
compounds. The influence of extraction temperature and pressure on
antioxidant activity of T. montanum extracts has been investigated.
Total content of phenolic compounds (TPC) was determined by Folin-
Ciocalteau method. Antioxidant activity of the obtained extracts was
essayed by DPPH-radical scavenging activity (DPPH-RSA) and ferric
reducing antioxidant power (FRAP). Moreover, the bioactive com-
pounds contributing to the antioxidant activity, namely phenolic
compounds, were also identified and quantified by high performance
liquid chromatography with photodiode array detection (HPLC-PDA).
2. Materials and methods
2.1. Chemicals and reagents
Folin Ciocalteau’s phenol reagent, sodium carbonate (BioXtra), iron
(II) chloride hexahydrate (p.a.), fluorescein sodium salt (for fluorescent
tracers), TPTZ (2,4,6-tris(2-pyridyl)-s-triazine; p.a.), Trolox (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxilic acid; purum), gallic acid
monohydrate (GA; purum), DPPH and AAPH (2,2′-azobis(2-methylpro-
pionamide) dihydrochloride; granular) were all acquired from Sigma-
Aldrich (Steinheim, Germany). L-(+)-ascorbic acid (AA; p.a.), di-po-
tassium hydrogen phosphate anhydrous (ultrapure) and sodium dihy-
drogen phosphate monohydrate (p.a.) were from Merck (Darmstadt,
Germany). Sodium acetate 3-hydrate (p.a.) was purchased from
PanReac AppliChem (Barcelona, Spain). Ethanol absolute anhydrous
(p.a.) was acquired from Carlo Erba (Peypin, France). HPLC standards
(protocatechuic acid (99.63%), (+)-catechin (≥98%), (−)-epicatechin
(≥97%), vanillic acid (≥97%), β-resorcylic acid (≥97%), chlorogenic
acid (> 95%), caffeic acid (≥98%), syringic acid (≥98%), p-coumaric
acid (≥98%), ferulic acid (≥99%), sinapic acid (≥99%), rutin hydrate
(≥94%), quercetin (95%), kaempferol (≥98%), naringin (≥95%),
naringenin (98%) and cinnamic acid (≥99%) were purchased from
Sigma-Aldrich (Sternheim, Germany) and all solvents employed were
HPLC purity grade, filtrated and degassed prior to their use. All aqueous
solutions were prepared using ultrapure water (18.2 MΩ cm). Nitrogen
was of 99.999% purity (Messer, Germany). All other chemical and re-
agents were of analytical reagent grade.
2.2. Plant material
Commercially available dry T. montanum material was used (Adonis
D.O.O., Sokobanja, Serbia). The aerial parts were grounded in a
blender, providing an average particle size of 0.34mm, and stored in
dark at ambient temperature.
2.3. Subcritical water extraction
SWE was performed in a house-made subcritical water extractor.
Extraction procedure and apparatus were described previously [22].
Total capacity of high-pressure stainless-steel vessel was 1.7 l. Pres-
surization of the vessel was performed with nitrogen to prevent possible
oxidation. In all experimental runs, sample to distilled water ratio was
1:10. Extraction temperature (60–200 °C) and extraction pressure
(10–100 bar) were investigated as independent variables, while all
other parameters were held constant (agitation rate of 3 Hz and ex-
traction time of 30min). After extraction, the vessel was cooled and
depressurized. Obtained extracts were filtrated and stored in a dark
place at 4 °C until analysis.
2.4. Determination of extraction yield
In order to determine extraction yield (EY), certain volume of liquid
extracts was evaporated under vacuum at 40 °C. Evaporated extracts
were dried at 105 °C until constant mass. Further calculation of the total
extraction yield was done according to the procedure described in
pharmacopoeia [30].
2.5. Determination of total phenolic content
TPC was determined by a colorimetric assay based on a modified
procedure initially described by [31]. The reaction mixture consisted of
25 μl of sample or standard solution, 75 μl of deionised water and 25 μl
of Folin–Ciocalteús reagent diluted with water (1/1, v/v). After 6 min,
100 μl of Na2CO3 7.5% (w/v) were added. Absorbance was measured at
765 nm in a microplate reader (96-well plates, Nunc™ microwell,
Denmark) after 90min. Calibration curve was defined using GA as a
standard antioxidant and results were expressed as GA equivalents per g
of dry extract (mg GAE/g DE).
2.6. FRAP assay
FRAP assay, originally developed by Benzie and Strain [32], was
performed with some modifications. Briefly, FRAP reagent (10ml of
300mmol l−1 acetate buffer (pH 3.6), 1 ml of 10mmol TPTZ in
40mmol l−1 HCl, and 1ml of 20mmol l−1 FeCl3) was diluted to one-
third with acetate buffer. The solution (180 μl) was added to each mi-
croplate well, along with 20 μl of the sample. The control assay was
performed using 180 μl of FRAP reagent and 20 μl of ethanol. Absor-
bance was measured at 593 nm at 37 °C. The calibration curve was
prepared with ascorbic acid. The results were expressed as AA
equivalents per gram of dry extract (mg AAE/g DE).
2.7. DPPH-RSA assay
DPPH-RSA of extracts was determined spectrophotometrically at
517 nm, against the stable nitrogen radical DPPH [33]. Briefly, 25 μl of
the sample was mixed with 200 μl of ethanolic solution of DPPH
(0.04 mgml−1). The mixture, vigorously shaken, was left to stand for
30min in the dark (until stable absorption values). Lower absorbance
values of the reactive mixture indicated higher free radical scavenging
activity. The calibration curve was prepared with Trolox. Results were
expressed as mg of Trolox per gram of dry extract (mg TE/g DE).
2.8. HPLC-PDA analysis
HPLC (Shimadzu Corporation, Kyoto, Japan) analysis of phenolic
compounds form T. montanum subcritical water extracts was performed
on a reverse-phase Phenomenex Gemini-C18 column
(250mm×4.6mm, 5 μm) using the method previously described by
Nastić et al. [21]. Samples were eluted using a mobile phase consisting
of methanol (solvent A) and water (solvent B) both with 0.1% formic
acid. The composition of the mobile phase varied during the run ac-
cording to a nonlinear gradient as follows: 85% B in 0min, from 85% to
70% B in 20min, from 70% to 55% B in 20min, from 55% to 50% B in
5min, from 50% to 45% B in 5min, from 45% to 30% B in 15min, from
30% to 0% B in 10min, followed by 100% A for 5min and back to 85%
B in 10 min and 10min of reconditioning before the next injection at a
flow rate of 1.0ml/min. Detection and quantification were performed
at 280, 320 and 360 nm according to the phenolic compound maximum
wavelength. Identification of compounds in subcritical water extracts
was performed by comparing their retention times and UV–vis spectra
with those of standard compounds. Peak purity was checked to exclude
any contribution from interfering peaks. Individual stock solutions of
standard phenolic compounds and their mixtures in methanol-water
(50:50, v/v) were prepared in methanol (2000mg/L) to plot the cali-
bration curves ranging from 1 to 50mg/L. Quantification of phenolic
compounds identified in extracts was performed by interpolating peak
areas into corresponding calibration curve. Results were expresses as
means (mg/100 g DE) of triplicate injections.
2.9. Statistical analysis
All analyses were run in triplicate and the results were expressed as
means ± standard deviation (2SD). Mean values were considered sig-
nificantly different at p < 0.05 confidence level, after the performance
of the one-way ANOVA statistical analysis followed by Tuckey test.
3. Results and discussion
3.1. The influence of the extraction pressure
The aim of the present study was to define optimal conditions for
SWE of phenolic compounds from T. montanum. The influence of the
extraction pressure on the properties of T. montanum subcritical water
extracts was observed at five different pressures (10, 30, 50, 80 and
100 bar) applying constant extraction temperature (130 °C) and ex-
traction time (30min). Table 1 shows extraction yields obtained by
SWE at different pressures. The extraction yield was expressed as mass
of dry extract (g) per g of dry plant material, i.e. percentage (%). Ex-
tracts obtained under the pressure of 10 bar demonstrated the lowest EY
(34.58%). Increase in operational pressure from 10 to 80 bar led to
increase in EY with the pressure of 80 bar providing the highest EY
(42.12%). According to ANOVA, extraction pressure has shown sig-
nificant influence on EY at p < 0.05 confidence level suggesting sig-
nificant differences between extraction yields obtained at different
pressures.
The yield of phenolic compounds recovered for the produced ex-
tracts at different pressures was calculated by Folin-Ciocalteu method
(Fig. 1). The results presented in Fig. 1 are mean values of three mea-
surements whereas intervals around those values represent 2SD. TPC
slightly increased with the increase of pressure from 10 to 80 bar,
reaching its maximum at 80 bar (178.63 ± 17.60mg GAE/g DE). At
100 bar, a slight decrease in phenolics yield was observed
(171.09 ± 14.32mg GAE/g DE). Statistical analysis showed significant
difference only between the yields of phenolic compounds obtained at
extraction pressures of 10 and 80 bar (p=0.014). In general, results of
performed statistical analysis suggested that there were insignificant
differences in yields obtained at different pressures, indicating insig-
nificant influence of the extraction pressure. These results were in
agreement with the change of water solubility and polarity (dielectric
constant) with an increase of pressure. Haar et al. [34] reported that an
increase of pressure from 100 to 6000 bar at 25 °C resulted in a small
increase of dielectric constant from 79 to 93. Higher concentrations of
total phenolics were determined in subcritical water extracts of T.
montanum in comparison to aqueous, methanolic, acetone, ethyl acetate
and petroleum ether extracts obtained by conventional solid/liquid
extraction [35]. Stanković et al. [35] determined the highest TPC in
methanol extract (169.06 mg GAE/g DE), while the lowest content
(8.33 mg GAE/g DE) was measured in petroleum ether extract. The
authors clearly demonstrated the influence of the solvent on the ex-
traction yield, however other factors such as plant sample itself
(variety, geographical region, climate, stress, etc.), mass transfer and
extraction technique, should be also taken into consideration.
Antioxidant activity of extracts obtained at different pressures is
depicted in Table 2. Similarly as in the case of TPC, extraction pressure
did not show marked influence on the antioxidant activities of T.
montanum extracts. Analysing data from Table 2, increase of pressure
from 80 to 100 bar had a negative significant influence on the anti-
oxidant activity (p < 0.05). However, performed statistical analysis
suggested that there were insignificant differences between activities
obtained at other pressures. This fact implies that efficient extraction of
phenolic compounds does not require high pressures. The change of the
antioxidant activities followed the same trend as in the case of TPC. The
highest FRAP activity was determined in the extract obtained at 80 bar
(131.40 ± 5.83 mg AAE/g DE), whereas maximum DPPH-RSA value
Table 1
Influence of extraction pressure on EY of T. montanum.
Pressure (bar)a Extraction yield (%)
10 34.58
30 37.56
50 39.41
80 42.12
100 40.06
a Statistically significant according to one-way analysis of
variance (ANOVA). A probability value of< 0.05 was con-
sidered significant.
(155.83 ± 14.19mg TE/g DE) was measured in the extract obtained at
50 bar. The sharp drop in both DPPH-RSA and FRAP activities was
observed in extracts obtained at 100 bar. Since the same character of
the dependence was seen for TPC, the antioxidant activity of the ana-
lysed extracts might have been linked to the phenolic compounds.
Other authors that dealt with SWE came to similar conclusions re-
garding the pressure influence. Investigating the pressure influence on
the extraction of phenols from coriander seed, insignificant differences
were seen in extracts obtained at pressures from 30 to 90 bar [36].
Aliakbarian et al. [25] also found insignificant effects of the pressure
(80–150 bar) on the extraction of phenolic compounds from grape po-
mace. Cvetanović et al. [37] optimized SWE of chamomile flowers re-
commending lower pressures for safety reasons and due to insignificant
differences in yields of phenolic compounds obtained at 45 and 90 bar.
Since pressure did not significantly affect SWE of phenolic com-
pounds from T. montanum and taking into consideration potential in-
dustrial applications, the pressure of 10 bar was chosen as acceptable
and was used for further research.
3.2. The influence of the extraction temperature
The influence of the extraction temperature on the extraction effi-
ciency was investigated in the range from 60 to 200 °C, applying the
adopted extraction pressure (10 bar). The extraction time (30min) was
the same as in the previous experiments. Table 3 shows the dependence
of the EY and the temperature, demonstrating that higher extraction
yields were reached at higher extraction temperatures. The highest EY
(42.63%) was achieved at 160 °C. Further temperature increase was
accompanied with the decrease in the extraction yield. Significantly
lower extraction yields (14.44%) for T. montanum were reported by
other authors that applied ultrasound extraction [38]. Results of per-
formed statistical analysis suggested that there were significant differ-
ences in yields obtained at different temperature (p < 0.05), indicating
significant influence of the extraction temperature. Extraction yield was
also influenced by the polarity of water (dielectric constant) that af-
fected solubility of the compounds. The dielectric constant of water
decreases with temperature, increasing the solubility of less polar
compounds.
According to ANOVA, extraction temperatures have shown sig-
nificant influence on TPC at p < 0.05 confidence level. Performed
statistical analysis suggested that there were significant differences
between yields of phenolic compounds obtained at different tempera-
tures. With temperature increase from 60 to 160 °C, TPC increased from
143.89 ± 6.35mg GAE/g DE to 174.61 ± 4.09mg GAE/g DE (Fig. 2).
Further increase in the extraction temperature to 200 °C caused a slight
decrease in the TPC (160.60 ± 4.05mg GAE/g DE). The increase in
phenolic content with the temperature could be linked to the decrease
in water polarity at higher temperature, and better solubilisation of
medium-polarity phenolics. Sumińska et al. [39] examined the effects
of temperature on the yield of phenolics from barley straw. The highest
TPC was seen when applying extraction temperature of 160 °C. Ac-
cording to Budrat and Shotipruk [40], the most suitable extraction
temperature for the recovery of phenolic compounds from bitter melons
somewhere between 150 and 200 °C. In the study of Singh and Saladaña
[24], TPC increased with temperature up to 180 °C in SWE of potato
peel. Although the same authors concluded that temperatures over
180 °C lead to pyrolysis, which is associated with the degradation of
phenolic compounds.
The antioxidant activities of the subcritical water extracts of T.
montanum obtained at different temperatures were estimated by DPPH
Fig. 1. The influence of the extraction pressure on TPC of T. montanum.
Table 2
The influence of the extraction pressure on antioxidant activity of T. montanum subcritical water extracts.
Antioxidant activity assay Pressure (bar)b
10 30 50 80 100
DPPH-RSAa (mg TE/g DE) 142.43 ± 4.64 144.59 ± 11.39 155.83 ± 14.19 144.29 ± 14.07 92.83 ± 4.56
FRAPa(mg AAE/g DE) 125.27 ± 10.52 129.69 ± 4.48 129.86 ± 6.96 131.40 ± 5.83 119.96 ± 1.81
a Mean value ± 2SD
b Statistically significant according to one-way analysis of variance (ANOVA). A probability value of< 0.05 was considered significant.
Table 3
Influence of extraction temperature on EY of T. montanum.
Temperature (°C)a Extraction yield (%)
60 30.94
100 32.66
130 34.58
160 42.63
200 38.23
a Statistically significant according to one-way analysis of
variance (ANOVA). A probability value of< 0.05 was con-
sidered significant.
and FRAP assays. The results are presented in Fig. 3. Antioxidant ac-
tivities significantly increased by increasing extraction temperatures
from 60 to 160 °C, being in accordance with the TPC. Significant in-
fluence of the extraction temperature on antioxidant activity was con-
firmed by ANOVA statistical analysis (p < 0.01). Temperature above
200 °C caused the decrease in the antioxidant activity probably due to
chemical and thermal degradation of the antioxidant compounds from
T. montanum. Kumar et al. [20] reported that in SWE of sea buckthorn
leaves the temperatures above 150 °C cause the decrease in antioxidant
activity. Similarly, Sharifi et al. [41] reported a decomposition of the
heat-sensitive compounds from barberry fruit at temperatures above
157.5 °C in SWE.
As demonstrated, the extraction of phenolic compounds and the
antioxidant activities of SWE extracts of T. montanum depended on the
temperature employed. Antioxidant activities significantly increased
with the increase in extraction temperature, being in accordance with
the content of phenolic compounds. This result suggested that anti-
oxidant activity of T. montanum extract may be correlated with the
content of phenolic compounds.
3.3. HPLC-PDA analysis
The phenolic compounds contributing to the antioxidant activity
were identified and quantified by HPLC-PDA analysis (Fig. 4). The ex-
tract of T. montanum obtained by subcritical water at temperature of
160 °C, pressure of 10 bar, extraction time of 30min and agitation rate
of 3 Hz was analysed.
The content of phenolic compounds in the subcritical water extracts
was estimated from calibration curves, according to the analytical
parameters previously reported by Nastić et al. [21] (Table 4).
According to the results, the main contributor to the phenolic profile
and consequently to the antioxidant activity of T. montanum extracts is
the flavanone naringin which represents 49% of the total amount of
phenolic compounds quantified. Other compounds belonging to the
flavonoids were also extracted in high amount, namely two flavan-3-
ols, (+)-catechin and epicatechin and one flavonol, rutin. Concerning
the hydroxybenzoic derivatives, gallic acid was found in high con-
centration in T. montanum extracts contributing to 17% of the phenolic
composition. On the other hand, vanillic acid (45.3 ± 5.1mg/100 g
DE) was recovered in less extent. To the best of our knowledge only few
reports were found describing the phenolic composition of this plant
[8,27,38]. Tumbas et al. [27] investigated the influence of different
solvents, namely methanol, petroleum ether, chloroform, ethyl acetate,
1-butanol and water on the TPC as well as the amount of individual
phenolic compounds extracted. According to the authors, the 1-butanol
extract had the highest TPC (296mg/g), while the HPLC analysis re-
vealed that the highest content of phenolic acids (28.619mg/g) was
found for ethyl acetate extract. Gentisic acid was the most abundant
phenolic acid in the ethyl acetate extract (14.432mg/g). These authors
also quantified other phenolic acids, namely coumaric and syringic
acids, which were not detected in the T. montanum subcritical water
extract. Regarding the chlorogenic, caffeic and vanillic acids, their
presence was detected in both studies, but SWE enabled to recover
higher amounts of these acids comparing to conventional extraction
using water as a solvent, demonstrating the potential of this technique
for the recovery of phenolic compounds. In another report [38], the
phenolic acid profile of T. montanum ethanolic extracts was also in-
vestigated, and a similar composition was found. The phenolic com-
position of diethyl ether extract from T. montanum plant was also
analysed by HPLC by Panovska et al. [8]. The authors reported luteolin
and diosmetin as the major flavonoids in T. montanum, which were not
detected in the T. montanum subcritical water extract produced. These
results enable us to conclude that the extraction technique employed for
the recovery of phenolic compounds exerts a significant influence.
Moreover, they demonstrate the variability for the same plant, but with
Fig. 2. The influence of the extraction temperature on TPC of T. montanum.
Fig. 3. The influence of the extraction temperature on the antioxidant activity
of T. montanum subcritical water extracts: a) DPPH-RSA assay and b) FRAP
assay.
different geographical origins.
4. Conclusions
The results of the present study demonstrate that SWE can be used
for the recovery of phenolic compounds from T. montanum aerial parts.
Extracts obtained at 160 °C and 10 bar showed the highest TPC and
antioxidant activity. Under optimal extraction conditions, extracts of T.
montanum yielded EY of 42.63%, 174.61 ± 4.09mg GAE/g DE for TPC
and antioxidant activities of 176.23 ± 8.76mg TE/g DE (DPPH-RSA)
and 141.71 ± 5.21mg AAE/g DE (FRAP). The influence of the ex-
traction pressure on the recovery of phenolic compounds from T.
montanum was negligible, whereas the temperature influence was sta-
tistically significant. Degradation of phenolic compounds from T.
montanum i.e. the drop in the antioxidant activity, was seen when ap-
plying temperatures above 160 °C. Further, HPLC analysis revealed that
naringin (996 ± 100mg/100 g DE) and gallic acid (345 ± 34mg/
100 g DE) were the principal phenolic compounds identified in plant
extracts. Based on previous studies on their strong antioxidant activities
[21], it can be assumed that those were important contributors to
overall antioxidant properties of subcritical water extracts of T. mon-
tanum. When compared to extracts obtained by other extraction tech-
niques, subcritical water extracts indicated similar or better recovery of
phenolic compounds, not exclusively being related to the extraction
technique, but depending also on the sample itself. According to the
results, SWE has a great potential in exploitation of natural sources of
bioactive compounds and application in food and pharmaceutical in-
dustries.
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